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ABSTRACT

Background: Fluid resuscitation is a key treatment for sepsis, but limited data exists in patients with existing heart
failure (HF) and septic shock. The objective of this study was to determine the impact of initial fluid resuscitation
volume on outcomes in HF patients with reduced or mildly reduced left ventricular ejection fraction (LVEF) with
septic shock.

Methods: This multicenter, retrospective, cohort study included patients with known HF (LVEF <50%) presenting
with septic shock. Patients were divided into two groups based on the volume of fluid resuscitation in the first 6 h;
<30 mL/kg or >30 mL/kg. The primary outcome was a composite of in-hospital mortality or renal replacement
therapy (RRT) within 7 days. Secondary outcomes included acute kidney injury (AKI), initiation of mechanical
ventilation, and length of stay (LOS). All related data were collected and compared between the two groups.
A generalized logistic mixed model was used to assess the association between fluid groups and the primary
outcome while adjusting for baseline LVEF, Acute Physiology and Chronic Health Evaluation (APACHE) II score,
inappropriate empiric antibiotics, and receipt of corticosteroids.

Results: One hundred and fifty-four patients were included (93 patients in <30 mL/kg group and 61 patients
in >30 mL/kg group). The median weight-based volume in the first 6 h was 17.7 (12.2-23.0) mL/kg in the
<30 mL/kg group vs. 40.5 (34.2-53.1) mL/kg in the >30 mL/kg group (P <0.01). No statistical difference was de-
tected in the composite of in-hospital mortality or RRT between the <30 mL/kg group compared to the >30 mL/kg
group (55.9% vs. 45.9%, P=0.25), respectively. The <30 mL/kg group had a higher incidence of AKI, mechanical
ventilation, and longer hospital LOS.

Conclusions: In patients with known reduced or mildly reduced LVEF presenting with septic shock, no difference
was detected for in-hospital mortality or RRT in patients who received >30 mL/kg of resuscitation fluid compared
to less fluid, although this study was underpowered to detect a difference. Importantly, >30 mL/kg fluid did not
result in a higher need for mechanical ventilation.

Introduction

shock-related mortality remains greater than 40%.%4 Current
guidelines emphasize the importance of early recognition of

Sepsis accounts for nearly 10% of all hospitalizations in  sepsis, intravenous (IV) fluid resuscitation, and timely initia-
the United States (US) and represents a significant financial  tion of antimicrobials. Specific guidance provided by the Sur-
burden to healthcare systems.!’?) Outcomes for this condi-  viving Sepsis Campaign (SSC) recommends administration of
tion have improved over the past two decades, but septic  at least 30 mL/kg of crystalloid within the first 3 h of re-
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suscitation, regardless of existing comorbidities. However, it
should be noted that the SSC guidelines recommendation for
fluid volume is a weak recommendation based on low-quality
evidence.™

It is estimated that nearly 50% of hypotensive patients may
be fluid non-responders according to dynamic assessments of
fluid responsiveness (i.e., stroke volume variation, passive leg
raise, fluid challenge), regardless of cardiac function.®-® Addi-
tional volume in these patients may lead to volume overload,
pulmonary edema, acute lung injury, and other organ dysfunc-
tion.!”1?! Patients with pre-existing cardiac dysfunction may be
particularly vulnerable to over-resuscitation and more suscep-
tible to the adverse consequences of a net positive fluid bal-
ance.['"15 As such, it is prudent to be cognizant that these pa-
tients often have a lower fluid tolerance, or ability to accom-
modate fluids prior to developing organ dysfunction, and may
require frequent modifications to resuscitation based on clini-
cal signals including physical exam, radiographic examination,
and point of care ultrasound, to ensure adequate end-organ per-
fusion without causing congestion.'®! It is unknown if the SSC
resuscitation recommendation should be applied to sepsis pa-
tients with known heart failure (HF) as limited data exist re-
garding the impact of initial fluid resuscitation volume on this
population. The purpose of this study was to compare morbidity
and mortality between patients with known HF with a reduced
or mildly reduced left ventricular ejection fraction (LVEF) and
septic shock who received <30 mL/kg vs. >30 mL/kg of initial
fluid resuscitation volume.

Methods
Study design

A multicenter, retrospective, cohort study was conducted at
four US academic medical centers (The Ohio State University
Wexner Medical Center, Corewell Health, Nebraska Medicine,
and Huntsman Cancer Institute at the University of Utah) and
compared patients with septic shock and known HF with an
LVEF <50% who received >30 mL/kg vs. <30 mL/kg of ini-
tial IV fluid resuscitation volume based on actual body weight
within the first 6 h of sepsis onset. Adult patients 18-89 years
of age with an International Classification of Diseases, Ninth
Edition (ICD-9) or Tenth Edition (ICD-10) code for septic shock
and HF admitted to the intensive care unit (ICU) between Oc-
tober 2011 and August 2018 were eligible for inclusion. All pa-
tients identified were manually reviewed within the electronic
medical record to determine if they met the criteria for inclu-
sion based on the following definitions. Septic shock was de-
fined as the presence of two systemic inflammatory response
syndrome (SIRS) criteria with confirmed or suspected infection
and receipt of vasopressors of maintaining mean arterial pres-
sure (MAP) >65 mmHg despite initial fluid resuscitation (at least
500 mL) in the absence of hypovolemia.l'”) Sepsis onset was de-
fined as the time of first fluid bolus administration (time zero)
after fulfilling sepsis criteria. A 12-h period prior to vasopressor
initiation was evaluated to determine sepsis onset for patients
who developed sepsis after hospital admission. Patients were
assessed for HF using echocardiography within 2 years prior to
the index admission and only those with an LVEF <50% were
included. The report from the most recent image prior to the
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index admission was assessed for baseline LVEF when multiple
echocardiograms were available. Patients meeting any of the fol-
lowing criteria were excluded: end-stage renal disease (ESRD),
history of pulmonary arterial hypertension (PAH), receipt of re-
suscitation fluids prior to transfer from an outside hospital, ad-
mission to the ICU from the operating room or following trau-
matic injury, transition to comfort care within 6 h, evidence
of acute myocardial ischemia (MI), pregnant, or incarcerated.
Only the initial episode of septic shock was analyzed during
each hospital encounter. The study was approved by the insti-
tutional review board (IRB) at each participating institution. A
waiver of informed consent was obtained from the IRB for this
study.

Outcomes

The primary outcome was a composite of in-hospital mortal-
ity or the initiation of renal replacement therapy (RRT) within
the first 7 days of sepsis onset. Secondary outcomes included
time to hemodynamic stability (time zero to cessation of vaso-
pressor/inotropic support and a MAP >65 mmHg for at least
12 h), percentage of patients with lactate <2 mmol/L within
24 h, initiation and duration of mechanical ventilation, fluid
balance at the end of hospital days 3 and 7 from time zero, de-
velopment of acute kidney injury (AKI) within 7 days from time
zero, and hospital and ICU length of stay (LOS). AKI was as-
sessed according to the RIFLE (risk, injury, failure, loss of func-
tion, and end-stage kidney disease) criteria using only the Risk,
Injury, and Failure components. '8! Patients requiring RRT were
classified as Failures.

Data collection

Demographic information, past medical history, severity of
illness, and laboratory values were collected at baseline. Obe-
sity was defined as a body mass index >30 kg/m?. The volume
and type of IV resuscitation fluid were collected from the first
fluid bolus to 6 h and from 6 h to 72 h. Fluid balance was doc-
umented at the end of hospital days 1, 3, and 7 from time zero.
Data regarding the suspected source of infection, microbiologic
cultures, and time to appropriate antimicrobial therapy was col-
lected. Empiric antibiotics were considered appropriate in two
scenarios: (1) if cultures were positive and the pathogen was sus-
ceptible to the empiric antibiotics, and (2) if all cultures were
negative and empiric antibiotics were appropriate based on the
site and origin of infection. The time to the first antibiotic dose
was calculated as the difference between time zero and the first
antibiotic dose. Administration of corticosteroids, vasopressors,
inotropes, loop diuretics, and nephrotoxins was recorded within
7 days of time zero.

Statistical analysis

Patients were grouped based on the IV fluid volume received
in the first 6 h after sepsis onset; <30 mL/kg or >30 mL/kg based
on actual body weight. Normally distributed, continuous data
are presented as means+standard deviation, and non-normally
distributed, continuous data are presented as medians (in-
terquartile range). The aforementioned data were analyzed us-
ing the Student’s t-test and Wilcoxon rank-sum test, respectively.
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Nominal data were analyzed using Fisher’s exact test. A gener-
alized logistic mixed model was used to assess the association
between fluid groups and the primary outcome while adjusting
for baseline LVEF, Acute Physiology and Chronic Health Evalu-
ation (APACHE) II score, inappropriate empiric antibiotics, and
receipt of corticosteroids. A random intercept was included to
account for differences across sites. Results are reported as odds
ratio and 95% confidence interval. Time to hemodynamic stabil-
ity was assessed using cumulative incidence curves which were
compared between fluid groups using the log-rank test. For these
curves, time was measured as hours from the initiation of vaso-
pressors until hemodynamic stability; patients who died without
reaching stability were censored at their time of death. We es-
timated that 218 patients would be needed to have 80% power
to detect a 20% difference in the primary outcome at an alpha
level of 0.05 assuming 50% of patients in the >30 mL/kg group
would have the primary outcome. Study data were collected and
managed using REDCap electronic data capture tools hosted at
The Ohio State University. REDCap (Research Electronic Data
Capture) is a secure, web-based software platform designed to
support data capture for research studies, providing (1) an in-
tuitive interface for validated data capture; (2) audit trails for
tracking data manipulation and export procedures; (3) auto-
mated export procedures for seamless data downloads to com-
mon statistical packages; and (4) procedures for data integration
and interoperability with external sources.!'®-2] All statistical
analyses were performed using SAS version 9.4 (SAS Institute,
Inc., Cary, NC, USA). A significant level of 0.05 was used for
comparisons.

Results

Overall, 2062 patients were screened for study inclusion. The
primary reasons for exclusion were transferred from an outside
hospital or ESRD on admission. A total of 154 patients were
included in the final analysis (93 patients in the <30 mL/kg
group and 61 patients in the >30 mL/kg group). Baseline char-
acteristics are presented in (Table 1). Patients were predomi-
nantly Caucasian males, had an LVEF <40%, and were suspected
to have respiratory or bloodstream infections. The <30 mL/kg
group had a higher incidence of obese patients. Additionally,
patients admitted directly to the ICU or from a hospital floor
more commonly received <30 mL/kg initial fluid resuscitation.

Fluid volumes received at various time points from sepsis on-
set are included in (Table 2). The median volume of fluid re-
ceived in the first 6 h from time zero between patients in the
>30 mL/kg group and the <30 mL/kg group was 3000 (2500-
4000) mL vs. 1500 (1000-2000) mL (P <0.01), respectively.
This correlated to a median actual body weight-based volume
of fluid of 40.5 (34.2-53.1) mL/kg vs. 17.7 (12.2-23.0) mL/kg
(P <0.01), respectively. In addition to receiving more fluid in
the first 6 h, the >30 mL/kg group received more total volume
of fluid by the end of hospital day 1 (P=0.01).

The primary outcome of in-hospital mortality or RRT in the
first 7 days occurred in 55.9% of patients in the <30 mL/kg
group and 45.9% in the >30 mL/kg group (P=0.25). All univari-
ate outcomes between groups are displayed in (Table 3). The re-
sults of the multivariable analysis are presented in (Table 4). Af-
ter adjusting for baseline LVEF, APACHE II score, inappropriate
empiric antibiotics, and receipt of corticosteroids, the volume of
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Table 1
Baseline characteristics and clinical variables between fluid groups.

<30 mL/kg group >30 mL/kg group

Characteristic (n=93) (n=61) P-value
Age (years) 63.6 + 14.9 63.6 + 11.9 0.99

Male 60 (64.5) 32 (52.5) 0.18
Race 0.50

Caucasian 56 (60.2) 42 (68.9)

Black 17 (18.3) 10 (16.4)

Other 20 (21.5) 9 (14.8)
Body mass index (kg/m?) 29.3 (23.7-36.8) 25.4 (20.0-28.3) <0.01
Obese 45 (48.4) 11 (18.0) <0.01
Source of admission 0.05

Emergency department 43 (46.2) 40 (65.6)

Hospital floor 46 (49.5) 18 (29.5)

Direct to ICU 4(4.3) 3(4.9
LVEF 0.15

<30% 33 (35.5) 13 (21.3)

30-40% 33 (35.5) 24 (39.3)

>40-50% 27 (29.0) 24 (39.3)

Charlson comorbidity index 6 (4-8) 7 (5-9) 0.13

APACHE II score 28 (21-34) 27 (20-34) 0.75

SOFA score 10 (7-12) 9 (7-12) 0.60

Baseline lactate (mmol/L) 2.20 (1.30-3.75) 2.67 (1.68-4.65) 0.14
Suspected infection source

Respiratory 43 (46.2) 23 (37.3) 0.32

Blood/line 37 (39.8) 27 (44.3) 0.62

Urinary 20 (21.5) 13 (21.3) 1.00

Intra-abdominal 14 (15.1) 4 (6.6) 0.13

Skin and soft tissue 7 (7.5) 3(4.9 0.74

Other 6 (6.5) 6(9.8) 0.54
Microbiologic cultures

Gram-negative 34 (36.6) 27 (44.3) 0.40

Gram-positive 32 (34.4) 26 (42.6) 0.31

No growth 26 (28.0) 15 (24.6) 0.71

Viral 5(5.4) 2(3.3) 0.70

Fungal 4(4.3) 6(9.8) 0.20

C. difficile 4 (4.3) 2(3.3) 1.00
Time to first antibiotics (h) 0.0 (-12.0-1.1) 0.5 (-0.6-1.5) 0.16
Empiric antibiotics appropriate 73 (78.5) 50 (82.0) 0.68
Corticosteroids 42 (45.2) 19 (31.2) 0.09
Vasopressors and inotropes

Norepinephrine 91 (97.9) 60 (98.4) 1.00

Epinephrine 18 (19.4) 8 (13.1) 0.38

Vasopressin 27 (29.0) 18 (29.5) 1.00

Phenylephrine 14 (15.1) 3(4.9) 0.06

Dopamine 8 (8.6) 1(1.6) 0.09

Milrinone 3(3.2 1(1.6) 1.00

Dobutamine 8(8.6) 6(9.8) 0.78

Loop diuretic 40 (43.0) 22 (36.1) 0.39

Data presented as mean + standard deviation, median (interquartile range) or
n (%).

APACHE: Acute physiology and chronic health evaluation; ICU: Intensive care
unit; LVEF: Left ventricular ejection fraction; SOFA: Sequential organ failure
assessment.

fluid received in the first 6 h of septic shock onset was not sig-
nificantly associated with the composite of in-hospital mortal-
ity or RRT. APACHE II score and receipt of corticosteroids were
the only independent variables associated with the primary out-
come.

Due to the difference between groups in obesity incidence, a
post hoc analysis of the primary outcome was performed based
on adjusted and ideal body weight (Table 5). The impact of the
fluid group on the primary outcome remained insignificant af-
ter normalizing the volume of fluid received in the first 6 h for
adjusted and ideal body weights.

Overall, 106 patients (68.8%) reached hemodynamic stabil-
ity with a median time of 54 h vs. 44 h for the <30 mL/kg group
and the >30 mL/kg group, respectively (P=0.41). Although pa-
tients in the >30 mL/kg group had a larger net positive fluid
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Table 2
IV volume of fluid received from time zero to the end of day 3 between fluid groups.
Variable <30 mL/kg group (n=93) >30 mL/kg group (n=61) P-value
1V fluid volume from 0 h to 6 h (mL)
Total 1500 (1000-2000) 3000 (2500-4000) <0.01
0.9% sodium chloride 1000 (1000-2000) 3000 (2000-3000) <0.01
Balanced fluid 1000 (1000-2000) 1000 (1000-2000) 0.49
Albumin 400 (250-1000) 500 (500-500) NA
Actual weight-based fluid from 0 h to 6 h (mL/kg) 17.7 (12.2-23.0) 40.5 (34.2-53.1) <0.01
Total fluid intake (mL)
Day 1 4181 (2784-6520) 5123 (3866-7642) 0.01
Day 2 2952 (1737-4918) 2220 (1580-4739) 0.40
Day 3 1816 (835-3281) 2056 (944-3572) 0.49

Data presented as median (interquartile range).
IV: Intravenous; NA: Not available.

Table 3
Primary and secondary outcomes between fluid groups.
<30 mL/kg group >30 mL/kg group
Outcome (n=93) (n=61) P-value
Primary outcome
Composite outcome 52 (55.9) 28 (45.9) 0.25
RRT 23 (24.7) 11 (18.0) 0.43
In-hospital mortality 43 (46.2) 24 (39.3) 0.41
Lactate clearance 43 (65.2) 27 (62.8) 0.84
AKI 44 (47.3) 16 (26.7) <0.01
Risk 17/44 (38.6) 7/16 (43.8) 0.72
Injury 14/44 (31.8) 4/16 (25.0) 0.76
Failure 13/44 (29.5) 5/16 (31.3) 1.00
MV 62 (66.7) 30 (49.2) 0.04
Duration of MV (h) 80 (43-189) 76 (48-192) 0.95
Net fluid balance (mL)
Day 1 3161 (1626-4937) 3841 (2738-6566) 0.04
Day 3 5629 (2769-9237) 6520 (3438-10,111) 0.34
Day 7 5538 (1810-10,888) 7850 (3129-11,790) 0.16
LOS (days)
ICU 5(2-11) 4(2-7) 0.13
Hospital 12 (6-21) 8 (5-13) <0.01

Data presented as mean + standard deviation, median (interquartile range) or
n (%).

AKI: Acute kidney injury; ICU: Intensive care unit; LOS: Length of stay; MV:
Mechanical ventilation; RRT: Renal replacement therapy.

Table 4
Multivariable logistic regression model of the effect of fluid group on the odds
of in-hospital mortality or need for RRT.

Variable Odds ratio (95% CI) P-value
Fluid amount
<30 mL/kg 1.56 (0.70-3.47) 0.27
>30 mL/kg Ref.
LVEF
<30% Ref. 0.32
30-40% 1.87 (0.72-4.87)
>40-50% 1.04 (0.39-2.79)
APACHE II score 1.12 (1.07-1.18) <0.01
Inappropriate empiric antibiotics 1.10 (0.42-2.88) 0.86
Corticosteroids 3.91 (1.74-8.78) 0.01

APACHE: Acute physiology and chronic health evaluation; CI: Confidence in-
terval; LVEF: Left ventricular ejection fraction; Ref.: Reference; RRT: Renal re-
placement therapy.

balance at the end of day 1, there was no statistically signifi-
cant difference between groups in total fluid intake or balance
at the end of hospital day 2 or 3. More patients in the <30 mL/kg
group required mechanical ventilation, developed AKI, and had
a longer hospital LOS (Table 3). No difference in the duration
of mechanical ventilation was detected between groups.
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Table 5
Assessment of the primary outcome between fluid groups based on different
body weights.

Variable <30 mL/kg group ~ >30 mL/kg group  P-value
Actual weight-based fluid
n 93 61
Composite outcome 52 (55.9) 28 (45.9) 0.25
RRT 23 (24.7) 11 (18.0) 0.43
Mortality 43 (46.2) 24 (39.3) 0.41
Ideal weight-based fluid
n 67 87
Composite outcome 35 (52.2) 45 (51.7) 1.00
RRT 15 (22.4) 19 (21.8) 1.00
Mortality 30 (44.8) 37 (42.5) 0.87
Adjusted weight-based fluid
n 81 73
Composite outcome 43 (53.1) 37 (50.7) 0.87
RRT 17 (21.0) 17 (23.3) 0.85
Mortality 37 (45.7) 30 (41.1) 0.63

Data presented as n (%).
RRT: Renal replacement therapy.

Discussion

Fluid overload in patients with sepsis has been associated
with worsening organ dysfunction and mortality and the neg-
ative consequences of fluid overload may be more detrimental
in patients with a past medical history of HF.[°'2! Therefore,
the current study sought to compare the impact of <30 mL/kg
vs. >30 mL/kg of initial resuscitation volume on outcomes in
patients presenting with septic shock with known LVEF <50%
prior to admission. The volume of IV fluid resuscitation during
the first 6 h of sepsis onset was not associated with a difference
in the composite outcome of in-hospital mortality or RRT, how-
ever, this study was underpowered to detect a difference in this
outcome. The lack of association persisted after multivariable
logistic regression and a post hoc analysis that normalized ini-
tial resuscitation volume for ideal and adjusted body weights.
Importantly, our study excluded additional comorbidities that
may influence initial fluid resuscitation, such as ESRD, PAH, and
acute MI. Despite no statistical difference between fluid groups
for the primary outcome, patients in the <30 mL/kg group did
have a longer hospital LOS (12 days vs. 8 days, P <0.01), higher
rates of AKI (47.3% vs. 26.7%, P <0.01), and a higher need for
mechanical ventilation (66.7% vs. 49.2%, P=0.04). However,
lactate clearance and duration of mechanical ventilation were
similar between groups. There are several factors that may have
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contributed to this trend toward worse outcomes in patients re-
ceiving <30 mL/kg initial volume fluid resuscitation. Baseline
characteristics reflect that a greater percentage of patients in the
<30 mL/kg group had an LVEF <30% (35.5% vs. 21.3%) reflect-
ing higher severity of illness and that this group may have been
at higher risk for volume overload. It is not surprising that pa-
tients with a lower LVEF at baseline were more likely to receive
<30 mL/kg initial volume of resuscitative fluids, as clinicians
may be more cautious with fluid resuscitation in patients with
severe cardiac dysfunction. Patients with a lower LVEF may not
be able to tolerate additional fluid administration and dynamic
assessments of fluid responsiveness were unable to be deter-
mined due to the retrospective nature of this study. Additionally,
there may be limitations to including RRT within 7 days of ini-
tial resuscitation as part of the compositive primary outcome.
This outcome was selected with an attempt at capturing both
the safety and efficacy of resuscitation volume as the initiation
of RRT was thought to be a surrogate for volume overload in
the setting of acute renal failure in the context of HF. Outcomes
such as duration of shock, rates of AKI, and need for mechan-
ical ventilation may be more clinically relevant in this patient
population.

One possible explanation for the lack of difference detected in
our primary outcome could be the similar net fluid balances be-
tween groups after the initial resuscitation phase. The two com-
parison groups in this study had no difference in the net fluid
balance at the end of hospital day 3 or 7, despite the >30 mL/kg
group receiving more resuscitation fluid in the first 6 h and total
fluid by the end of day 1. This is consistent with a previous study
that suggested a higher late fluid balance (>24 h) was associated
with worse outcomes, including increased mortality.!?!! It is al-
ternatively possible that if patients in the <30 mL/kg group had
more severe LV impairment, their pulmonary circuit may have
been more easily overloaded, despite the lesser initial volume.

Multivariable logistic regression identified only two predic-
tive variables of the primary outcome: APACHE II score and the
use of corticosteroids. APACHE II is a validated scoring index
that can prognostically stratify acutely ill patients and its as-
sociation with our primary outcome supports the reliability of
our model.!?) Corticosteroids’ independent association with the
primary outcome may suggest they were initiated in patients
requiring high-dose of multiple vasopressors who would have
been at higher risk for poor outcomes, as previous studies have
suggested either improvement or no effect on mortality. 232!

Our study results also indicate that patients admitted
from the emergency department were more likely to receive
>30 mL/kg initial fluid volume for resuscitation than those ad-
mitted from the hospital floor (received in 65.6% of those admit-
ted from the emergency department compared to 29.5% admit-
ted from a hospital ward). This could have reflected differences
in the severity of illness between groups, variation in practi-
tioner knowledge of guideline recommendations or resuscita-
tion protocols based on setting, or practitioner access to infor-
mation available pertaining to current volume status at the time
of resuscitation. While not able to determine the specific reason
for this variation in practice retrospectively, it could have influ-
enced study outcomes. Additionally, the current study utilized
a 6-h time frame for initial resuscitation while the SSC, as well
as SEP-1 core measures, recommend 30 mL/kg of fluid within
3 h of sepsis onset.[>) The 6-h time frame utilized in the present
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study has been previously utilized in landmark trials assessing
the impact of early goal-directed therapy (EGDT).[27-3]

Our results are consistent with Ouellette and Shah®*!! who
performed a retrospective case-control analysis of septic pa-
tients to determine predictors of mortality in those with pre-
existing left ventricular (LV) dysfunction (LVEF <50%) com-
pared to those with normal cardiac function. There was no dif-
ference in 24-h fluid administered between groups; however, pa-
tients with an LVEF <35% received less fluid than patients with
an LVEF 35-50% (3.4 L vs. 4.4 L, P=0.012). There was no dif-
ference in in-hospital mortality between those with and without
LV dysfunction (32% vs. 23.4%, P=0.117), but risk factors for
mortality in those with LV dysfunction included the following:
intubation status, low ScvO,, failure to comply with the sepsis
bundle, and a source of infection other than the lungs. Unfor-
tunately, the authors did not report the volume of initial resus-
citation fluid received in the first 3 h or 6 h from sepsis onset,
and <50% of patients required vasopressors making it difficult
to discern the impact of initial fluid resuscitation on outcomes
in a population presenting with septic shock.

In contrast to the prior study, Abou Dagher et al.[*?! evalu-
ated the impact of congestive heart failure (CHF; LVEF <40%)
on in-hospital mortality in septic patients. Those with CHF had
higher in-hospital mortality and despite receiving less fluid in
the first 24 h, were more likely to require furosemide, mechan-
ical ventilation, and dobutamine during that same period. Our
results revealed no differences between groups in the use of va-
sopressors, inotropes, or loop diuretics within 7 days, and the
severity of cardiac dysfunction based on baseline LVEF did not
significantly increase the incidence of poor outcome after mul-
tivariable logistic regression (Tables 1 and 3).

Contrary to expectation, the incidence of mechanical ven-
tilation was higher in patients who received <30 mL/kg vs.
>30 mL/kg, 66.7% vs. 49.2% (P=0.043), respectively. It is pos-
sible that patients in the <30 mL/kg group displayed signs of
more severe cardiac dysfunction that resulted in less resusci-
tation fluid being administered; however, given the retrospec-
tive design of this study, we are unable to determine the ratio-
nale for the volume of fluid administered. Alternatively, while
our groups were relatively similar at baseline and respiratory
sources of infection were not statistically different, the higher
rate of obesity in the <30 mL/kg group may have impacted
the higher rate of mechanical ventilation. Compared to normal-
weight septic patients, obese patients may have a greater in-
cidence and duration of mechanical ventilation.* At least one
report has, however, concluded that patients at high risk of over-
resuscitation may not have worse respiratory outcomes with ag-
gressive initial fluid resuscitation. Khan et al.[**) assessed the im-
pact of restricted (<30 mL/kg) vs. standard (>30 mL/kg) resus-
citation strategies on the need for mechanical ventilation within
72 h of initial resuscitation in patients with cirrhosis, ESRD,
or HF presenting with sepsis or septic shock. Administration of
>30 mL/kg of fluid did not increase intubation rates, time to
intubation, or the duration of mechanical ventilation, but out-
comes were not delineated by comorbidity and only 22% of pa-
tients had an LVEF <40%."** The volume of fluid received in
the first 6 h in the <30 mL/kg group vs. >30 mL/kg group was
similar to our study (16 mL/kg vs. 18 mL/kg and 41 mL/kg vs.
41 mL/kg, respectively), but we included only patients with sep-
tic shock, had more patients with a baseline LVEF <40% (67%
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vs. 22%), and specifically excluded those with ESRD to avoid the
confounding effect this may have on initial fluid resuscitation.

Limitations

This study had several limitations. Despite the multicenter
design, the sample was unable to meet adequate power to de-
tect a difference in the primary outcome and detection of a 20%
difference in this outcome based on fluid volume may not be
realistic. Our retrospective design relied on the accuracy of doc-
umented information and could be confounded by unmeasured
information. Most importantly, we were unable to collect dy-
namic assessment of fluid challenges and fluid responsiveness
that would guide the decision to administer additional volumes
of resuscitative fluid. Furthermore, it was not possible to con-
trol for additional factors that may have influenced the volume
of resuscitation fluid patients received in the first 6 h, including
baseline LVEEF. It is possible clinicians may have restricted addi-
tional fluid in patients in the <30 mL/kg group if overt signs of
cardiac dysfunction and volume overload were present making
a correlation between fluid received and outcomes difficult to
ascertain. Nearly one-fourth of patients had presumed culture-
negative septic shock and may have had an alternative shock eti-
ology. Differentiation of septic shock from other shock states in-
cluding cardiogenic is difficult in the absence of invasive hemo-
dynamic monitoring, especially in patients with pre-existing car-
diac dysfunction. It is therefore plausible that a portion of pa-
tients in this study had other etiologies of shock, although the
low number of patients who received inotropes, including milri-
none and dobutamine, may indicate that cardiogenic shock was
not felt to be the primary etiology by the treating clinician. An
attempt to mitigate this possibility was made by utilizing SIRS
criteria and requiring vasopressors in the setting of suspected
or known infection, which is based on established criteria and
the incidence of culture-negative septic shock in this study was
similar to a previous report.[®! It is possible the LVEF threshold
of <50% may have recruited patients without systolic failure,
and since diastolic dysfunction and valvular disorders were not
collected, we cannot exclude the possibility that some patients
may not have met classic criteria for HF or determine the im-
pact these had on outcomes. It should be noted, however, most
patients (67%) had a baseline LVEF <40% within 2 years prior
to the index admission, suggesting most patients had at least
systolic dysfunction, although the authors acknowledge there
is likely substantial variability to fluid response even amongst
patients with an LVEF ranging from 5% to 40%.

Conclusions

This study found no significant difference in the composite
incidence of in-hospital mortality or RRT based on IV resusci-
tation volume received in the first 6 h after sepsis onset for pa-
tients presenting with septic shock and known HF with a base-
line LVEF <50%. Secondary outcomes were worse outcomes in
patients receiving <30 mL/kg initial fluid including longer hos-
pital LOS, higher rates of AKI, and a higher need for mechani-
cal ventilation although patients in this group may have been at
higher risk at baseline as this group included a larger percentage
of patients with left ventricle end-diastolic dimension (LVED)
<30%. Since the sample size included did not meet statistical
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power to detect a difference in the primary outcome, additional
studies are needed to assist in guiding initial fluid resuscitation
in this patient population.
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